The Cook Islands are considered the "gateway" for human colonization of East Polynesia, the final chapter of Oceanic settlement and the last major region occupied on Earth. Indeed, East Polynesia witnessed the culmination of the greatest maritime migration in human history. Perennial debates have critiqued whether Oceanic settlement was purposeful or accidental, the timing and pathways of colonization, and the nature and extent of postcolonization voyaging-essential for small founding groups securing a lifeline between parent and daughter communities. Centering on the well-dated Tangatatau rockshelter, Mangaia, Southern Cook Islands, we charted the temporal duration and geographic spread of exotic stone adze materials-essential woodworking tools found throughout Polynesia-imported for more than 300 y beginning in the early AD 1300s. Using a technique requiring only 200 mg of sample for the geochemical analysis of trace elements and isotopes of finegrained basalt adzes, we assigned all artifacts to an island or archipelago of origin. Adze material was identified from the chiefly complex on the Austral Islands, from the major adze quarry complex on Tutuila (Samoa), and from the Marquesas Islands more than 2,400 km distant. This interaction is the only dated example of down-the-line exchange in central East Polynesia where intermediate groups transferred commodities attesting to the interconnectedness and complexity of social relations fostered during postsettlement voyaging. For the Cook Islands, this exchange may have lasted into the 1600s, at least a century later than other East Polynesian archipelagos, suggesting that interarchipelago interaction contributed to the later development of social hierarchies.
Polynesian archaeology | geochemical sourcing | adzes | voyaging | exchange T he Cook Islands are considered the "gateway" for human colonization of East Polynesia, the last major region on Earth to have been discovered and permanently settled. Prehistorians have long debated whether the Polynesian colonization of the eastern Pacific was purposeful or accidental (1) (2) (3) . The possible pathways of colonization have been defined by computer simulations of seasonal winds and currents using different starting points and directions and durations of travel (4-6) whereas critiques of canoe performance (7, 8) have informed the debate. Postcolonization voyaging between islands was essential for securing a lifeline between parent and daughter communities (e.g., ref. 9) , to obtain prestigious commodities from distant islands for elites (10) , and for integrating far-flung communities under a centralized authority, such as the Tongan maritime state (11) . Some, however, have opined that postcolonization voyaging and artifact transfer in East Polynesia were minimal (7, 12) .
The spatial and temporal dimensions of exotic artifacts in wellsecured archaeological contexts provide a powerful means for documenting the geographic span, frequency, and temporal duration of voyaging, contributing to understanding the process of island colonization and also the development of social structures-both fundamental tenants of anthropological inquiry. In this regard, the woodworking stone adze was essential in Polynesian societies because it was indispensable for shaping canoe hulls, bowls and other artifacts, felling trees for forest clearance permitting agricultural expansion, and fashioning planks and posts for house construction. Indeed, stone adzes or the by-products of their manufacture, use, and reworking are ubiquitous in most archaeological sites throughout the region. The major sources of fine-grained basalt, the singular raw material used for adze manufacture across tropical Polynesia, are restricted to a few known localities. Previous studies have shown that these essential tools were sometimes transported more than 1,000 km within interaction spheres involving exchanges of goods and services (11, (13) (14) (15) .
Two themes have emerged that encompass all studies of the spatial and temporal distribution of exotic adze material throughout Polynesia: (i) the development of social complexity and expansion of social networks or interaction spheres (that is, the distribution of fine-grained basalt adzes were, in some cases, controlled by elites) (e.g., ref. 10); and (ii) the geographic extent and frequency of voyaging (15, 16) . These themes, however, have been constrained by a lack of well-dated archaeological contexts of adze material because most previously analyzed artifacts have been surface finds Significance Oceania, the last region settled on Earth, witnessed the greatest maritime migration in human history. Scholars have debated how and when islands were colonized and the role of postsettlement voyaging in maintaining founding colonies and in subsequent diversification of island societies. We geochemically "fingerprinted" exotic stone artifacts from a well-dated archaeological site in the Cook Islands, matching artifacts to their geological sources and demonstrating that the geographical voyaging network extended beyond the Cook Islands to include the Austral, Samoa, and Marquesas archipelagos-up to 2,400 km distant. We further demonstrate that Polynesian interarchipelago voyaging lasted from about AD 1300 to the 1600s, suggesting that long-distance interaction continued to influence the development of social structures in East Polynesia well after initial colonization.
or museum specimens lacking clearly associated age (13, (17) (18) (19) . Previous studies have also been constrained by an inability to assign all artifacts to geological localities because many adze sources and quarries await discovery (20) . The intrasource geochemical variability of known quarries is not well-understood, making many source assignments tentative, at best, and some geochemical techniques do not analyze the comprehensive range of chemistry required for robust artifact source assignments. In this article, we resolve these issues by using the most comprehensively dated stratigraphic sequence of adze material now known for tropical Polynesia-from the Tangatatau rockshelter (site MAN-44) situated on Mangaia Island in the Southern Cook Islands, considered the gateway archipelago for prehistoric colonization and settlement of East Polynesia (16, 21) . Keying on the Tangatatau rockshelter assemblage provides a rare opportunity to examine the "uptake" of exotic goods at a well-dated habitation locale likely occupied by nonelites, in contrast to several recent studies that examine adze production and consumption at chiefly complexes and stately centers ruled by paramounts in Tonga (10), Hawaii (11) , and the Austral Islands (18) . Significantly, we used trace element and isotope geochemistry to assign 36 artifacts from site MAN-44 to an island or archipelago of origin and, when sufficient data are available, to specific quarries or sources, thereby resolving the difficulty of separating intraisland sources in the Cook Islands (ref. 22, p. 396) . We also used inductively coupled plasma mass spectrometry (ICP-MS) for geochemical analysis and applied a method of sampling artifacts (23), using only 200 mg of powder-a major advance for studying museum collections and small artifacts. 2 under the dripline. The site was first discovered during a reconnaissance survey in 1989, when a 5-m long test trench and one additional test unit were excavated, revealing well-stratified cultural deposits (24) . Major excavation was undertaken in 1991, when an additional 23 m 2 were excavated, primarily in the rockshelter's central area (21) . The main excavation block, which incorporated the 1989 test trench, consists of 24 contiguous 1-m units; stratigraphy within this block was recorded and correlated using a Harris matrix system. Details of the excavation, stratigraphy, and radiocarbon dating are reported in detail elsewhere (25) .
The stratigraphy within site MAN-44 consists of a complex sequence of occupation deposits ranging from relatively thick layers to thin beds and ashy lenses, interspersed with 59 discrete features, most of which were combustion features, such as earth ovens and hearths, but also included pits and postmolds. Using a Harris matrix (figure 5 of ref. 21 ), this complex stratigraphy was synthesized into 19 stratigraphic zones. Zone 1 consists of preoccupation deposits, with an upper component (zone 1B) incorporating evidence of early human presence, such as Polynesian-introduced Rattus exulans bones. Zones 2 and 3 are occupation deposits rich in artifacts and faunal material, including abundant basalt preforms, flakes, and debitage indicating extensive adze production. These early occupation deposits were truncated by zone 4, a series of large, intercutting pits, which are in turn capped by zone 5, a thin midden bed that forms a distinctive stratigraphic marker. Zones 6 and 7 consist of ashy midden deposits with considerable quantities of shellfish. Zone 8 is another major occupation deposit with many hearth features and a rich artifact content. Zone 9 is contemporaneous with zone 8 in the eastern part of the excavation. Zones 10 through 14 are thin midden beds of shellfish and ash that represent discrete, probably short-term depositional events. These beds are capped by zone 15, an ashy midden rich in charcoal, which is in turn capped by zone 16, a deposit of white ash that represents an intensive burning event across the shelter floor. Zone 17 is the uppermost deposit and contains a small quantity of post-European contact artifacts. Zones 18 and 19 consist of strata separated from the main excavation area by a large rockfall boulder that prevented them from being precisely correlated with the rest of the sequence; zone 18 is roughly contemporary with zones 2-5 whereas zone 19 corresponds to the sequence from zones 6 through 16.
The stratigraphic sequence at site MAN-44 has been dated with 60 14 C dates, one of the largest sets of radiocarbon dates from any similar site in East Polynesia. These dates include an initial set of 30 dates on unidentified wood charcoal (21), 16 accelerator mass spectrometry (AMS) dates on extirpated or extinct avifauna and R. exulans bones from zone 1, and 14 high-precision AMS dates on botanically identified, short-lived taxa selected from the main occupation deposits. Full details on all dates are provided elsewhere (25) . A Bayesian calibration of the full suite of radiocarbon dates provided the following estimated time spans for the main occupation sequence: Deposition of zone 1B, cal AD 1024-1344; onset of occupation at MAN-44, cal AD 1265-1290; deposition of zone 2, cal AD 1303-1364; deposition of zones 3-4B, cal AD 1355-1375; deposition of zones 5-7, cal AD 1378-1502; deposition of zones 8 and 9, cal AD 1445-1587; and deposition of zones 10 to 17, cal AD 1537-1672.
The MAN-44 excavations yielded a rich suite of 638 classified portable artifacts, not including several thousand basalt flakes and debitage (especially from zones 2 and 3). The artifact assemblage exhibits considerable temporal change, especially in the fishhooks and adzes. Fishhooks in the lower stratigraphic zones (zones 2-4) are predominantly of pearlshell (Pinctada margaritifera), a mollusk that does not occur naturally on Mangaia and that had to be imported from other islands with suitable lagoon habitats. Above zone 5, hooks were made mostly of locally available Turbo setosus shell, and pearlshell hooks are completely absent above zone 8. These changes are indicative of a reduction in long-distance exchange interaction and therefore are of relevance to the present study (26) .
Thirty whole or partial adzes and 54 adze preforms, along with a large quantity of lithic production material (flakes and debitage), were recovered from the main excavation block. The greatest amount of material was found in zones 2 and 3, but lithic production and the use of adzes continued throughout the sequence. There is significant change in adze form through time, with the earlier assemblage (zones 2 through 4) being dominated by quadrangular sectioned, largely untanged adzes and the later assemblage by triangular sectioned adzes with pronounced tangs. Tables S1-S5 . On the basis of normalized multitrace element patterns, 19 of 36 artifacts (52.7%) in this study can be assigned to fine-grained basalt sources on the island of Mangaia. In Fig. 1A , seven artifacts are compositionally almost identical and match the pattern for source rock sample KC-05-3, from the Mata'are source, Mangaia (27) . Thirteen artifacts (seven adze flakes, four bevel fragments, one adze fragment, and one blank/ preform) can be assigned to Veitatei, a location on the same island, based on the match with basaltic source rock 2009-332 (Fig. 1B) . This finding is validated by Nd and Sr isotope data ( Fig. 2) : All artifacts matched with Mangaia overlap with the compositional field defined by isotope data from the same island although overlap exists with isotope data for volcanic rocks from Tubuai (Austral Islands). In these cases, normalized multitrace element patterns point to Cook Islands sources. No isotope data for artifact sample 2009-406 was available. Some mismatch can be observed for the most incompatible and mobile elements (Cs, Rb, Ba, but also Pb) and the most compatible elements (Co and Ni). Most incompatible elements are prone to secondary alteration or remobilization during rock-seawater interaction or from weathering during exposure, and thus are less reliable, including Pb. Lead can be introduced when sampling by drilling or abrading with metallic bits as we have done here with the artifacts. The discrepancy for Co and Ni is explained by the very low concentrations encountered; for instance, in all basaltic samples studied here, Ni is present at 0.08-0.01 times primitive mantle, and Co at slightly higher concentrations of 0.5 times primitive mantle. Therefore, the perceived "mismatch" is in the order of 0.05 times primitive mantle, which is exceedingly small and possibly within the analytical error, but accentuated by the nature of the logarithmic presentation. One stone adze fragment (2009-386) is compositionally and isotopically similar to volcanics found on the island of Rarotonga, Southern Cook Islands (Fig. 1C) . (Fig. 2) .
Results

Trace element and isotopic values for artifacts and sources are presented in
The second largest assignment to one island is seven artifacts that are similar to basaltic source rock KC-05-1 and the broader chemistry of the Classic Period ceremonial and quarry complex at Vitaria, Rurutu, Austral Islands (18, 28) (Fig. 1D and Fig. S1 ). In Fig. 2 , Rurutu Nd and Sr isotope data delineate two clusters, one of which overlaps with data for Mangaia. Fortunately, artifacts from this study overlap with the compositional field of Rurutu, which is distinct from the Mangaia data, halfway between Mangaia and Marquesas. Three complete adzes (2009-399, -401, and -402) originated from 'Upolu island, Samoa, suggested by the match in trace element data to published compositions for two basaltic volcanics (ref. 29 , samples U14 and U10). For reasons outlined above, the match deteriorates somewhat for the most and least incompatible elements. The assignment of these three artifacts is confirmed by matching Nd and Sr isotopic data shown in Fig. 2 . Two source flakes from the major quarry complex at Tatangamatau, Tutuila Island, Samoa (KC-05-14 and -19) can be matched to artifact 2009-369 (Fig. 1F) . Additional support is provided by the agreement with regards to Nd and Sr isotope data (Fig. 2) . Sample 2009-376 is exceptional and significant because it is the only artifact that can be linked to the Marquesas archipelago; the closest similarity with trace elements is from source rock KC-05-11 (Eiao island) (30) (Table S4 ). In the rare earth element plot, this match is good for all elements, except for Cs and Pb, the two most mobile elements (Fig. 1G) . Isotopically, this interpretation is strengthened by the match with data for this island although, based on Nd and Sr data without considering trace elements, a source from the Tahiti, Society Islands is also possible. The latter artifact highlights the capability of assigning artifacts to sources unequivocally when multielement and isotope data are combined because ambiguities arising from one set of data can be minimized or eliminated when the other dataset is used for validation.
In sum, 52.7% of all sampled basalt artifacts from site MAN-44 can be assigned to three distinct locations within the Cook Islands: two sources on Mangaia Island at Veitatei (n = 13) and Mata'are (n = 7), and three artifacts from Rarotonga. Seven artifacts (19.4%) can be linked to the Vitaria quarry complex on Rurutu, Austral Islands. Four artifacts originated from the Samoa group, specifically the islands of 'Upolu and Tutuila at the large quarry complex at Tatangamatau. Finally, one artifact can be traced to the island of Eiao, Marquesas and its island-wide quarry complex. The results are summarized in Dataset S1.
Discussion
In East Polynesia, long-distance interaction between island societies was a fundamental colonization strategy linking parent with multiple daughter communities to support the establishment of socially and economically viable groups. Postcolonization voyaging and interaction supported socially mediated imperatives such as the acquisition of high status goods, the fostering and maintenance of strategic alliances, and establishing individual and group prowess or "mana" (14) .
The Tangatatau rockshelter adze assemblage is remarkable in its high proportion of artifacts from extraarchipelago sources; 33.3% by count and 36.6% by weight of analyzed artifacts were imported to Mangaia (Dataset S2). Geochemically "fingerprinting" finegrained basalt adze material from the Tangatatau rockshelter allowed us to define the voyaging sphere (network) size, directionality, and time span of postcolonization interaction (31) . The closest extraarchipelago source of imported adzes was from Rurutu Island, 663 km (358 nautical miles) in the northern Austral Islands. Some 1,706 km (921 nautical miles) distant are 'Upolu and Tutuila islands, Samoa whereas the greatest distance of imported material, and thus maximum extent of the network, comes from the northern Marquesas, Eiao Island at 2,415 km (1,303 nautical miles). The "directionality" of interaction all points to the Cook Islands because, at present, there is no physical evidence of material exported from the archipelago. This finding is further supported by the evidence from MAN-44 for the regular importation of pearl shell for fishhook manufacture. A large corpus of radiocarbon age determinations and associated imported adze material from Tangatatau documents the time span of interarchipelago voyaging from the early AD 1300s to at least the 1600s (artifacts 2009-402 and -399). If we remove these two artifacts from consideration, then there is marked falloff in imports after the late AD 1500s (Fig. S2) , which is about a century later than many East Polynesian voyaging spheres (32, 33) .
It is noteworthy that an adze fragment (2009-363) and two polished adze flakes (2009-371 and -385) closely match an unmodified flake from Marae Tararoa (KC-05-1) (13) (Table S2 ) situated within the major chiefly complex at Vitaria, Rurutu and that four other artifacts match the general chemistry for the Vitaria quarry complex (Fig. S1 ). This ceremonial complex is thought to have developed during the late prehistoric or Classic Period of Rurutu (18) Together, these results demonstrate that the Vitaria quarry was used for at least a century before the beginning of the Classic Period and development of the ceremonial complex, and perhaps into the late 16th century (18, 34) . This collection is the largest of adze materials from excavated and securely dated contexts that document use of the Vitaria quarry for about three centuries (that is, AD 1303-1587).
Four artifacts are of Samoan origin, including three adzes from undocumented sources or quarries on 'Upolu Island. One is a reverse triangular tanged adze from a test unit separate from the Tangatatau main block excavations, which cannot be directly correlated to the main MAN-44 stratigraphic sequence. However, this adze form is the most common in the last few centuries of the prehistoric period in the Cook Islands (ref. 35 , p. 98), and radiocarbon age determinations from this unit bracket deposition to between AD 1400 and 1700. Two additional adze fragments (36) Fig. S2 ).
Sources of tool quality basalt on Mangaia were located early after colonization of the island and were used continuously throughout the sequence (Fig. 3) ; these sources included sources at Mata'are and Veitatei near the center of the island. Despite a small source of adze rock near Moturakau islet, Aitutaki Island 389 km (210 nautical miles) northwest of Mangaia, none of this material was identified at Tangatatau. However, four artifacts, the only ones from within the Cook Islands, but not from Mangaia, showed links with Rarotonga (197 km, 107 nautical miles north northwest) dating between AD 1355-1375 and AD 1537-1672.
Conclusions
Prior geochemical studies documented the transfer of fine-grained basalt adze material after the colonization of most East Polynesian archipelagos; however, the dates for the end of such regional voyaging and interaction are not well known (31, 32, 39) . It is likely that the cessation of long-distance voyaging occurred at different times for each archipelago, reflecting the variability in types and sizes of islands, dates of colonization, productivity of the terrestrial landscape over time, human population trajectories, evolving social conditions, island accessibility (such as the position and direction of currents and seasonal winds), and distance to other islands. These issues are of no small importance because the scale and frequency of postcolonization voyaging underpins fundamental theoretical arguments of how East Polynesian island societies developed under varying degrees of isolation during fewer than 1,000 y of occupation-a relatively short time span in world prehistory. The wellstratified and dated context of the Tangatatau adze assemblage has allowed us to outline the geographic scale and frequency of imported adze material over time in the Southern Cook Islands, demonstrating that external contact continued for at least 300 y after colonization and possibly longer. At least three archipelagos were engaged in this interaction network-one of which, Eiao (Marquesas), was nearly 2,500 km distant. Eiao material has also been recovered from the Tuamotus (13), Mangareva (15), the Society Islands (15), the Line Islands (40) , and the Australs (41), attesting to the widespread importance of this source. In addition to the great distance involved, voyaging canoes traveling from the Marquesas would have encountered the 1,500-km-long screen of the Tuamotus Archipelago-the navigational crossroads of central East Polynesia (13) 19, p. 439 ). This finding attests to the interconnectedness and complexity of social relations during the first few centuries after East Polynesian colonization. Although this longest of contacts with Mangaia was short-lived based on the presence of adze material at Tangatatau, extraarchipelago contacts persisted with the Austral Islands until the AD 1500s and a century later with Samoa. The late contacts with Samoa also reveal some continued porosity in the boundary between East and West Polynesia.
The decline of East Polynesian voyaging begs the obvious question as to why it stopped. The reasons are undoubtedly complex, multifaceted, and unique to an island or archipelago, and it is insightful to key on the well-dated Tangatatau habitation site with imported adze material over much of the sequence. Internal social conditions during later prehistory, such as the increased importance of maintaining productive agricultural lands or escalation of intertribal conflicts (whether on Mangaia or the archipelagos it was in contact with), outweighed the need for obtaining prestige items acquired from long-distance voyaging (31, 32) . Our results from the Tangatatau rockshelter have enhanced our understanding of the extent and duration of long-distance voyaging in East Polynesia. Nonetheless, more well-dated stratigraphic sequences from other East Polynesian archipelagos, coupled with high-precision and comprehensive geochemistry for imported adze materials, will be required before we will be able to fully comprehend how, why, and when postcolonization voyaging declined across this vast region.
Materials and Methods
Artifact Sampling. Specimens (n = 36) were selected to cover the range of stratigraphic zones in the Tangatatau rockshelter sequence. All adzes and flakes were first examined without magnification, and then those that were particularly fine-grained were selected for geochemical analysis. This selection included seven (23%) of all whole or partial adzes, one blank/preform, and 28 (19.7%) of the combined adze flakes (n = 17), bevel fragments (n = 6), and nondescript polished adze fragments (n = 5). The whole and partial adzes represented the sequence of typological change known for the Cook Islands with untanged forms in the lower zones of the rockshelter and late prehistoric tanged adzes in the upper layers; the nondescript polished adze fragments could not be assigned a specific type but, along with the highly polished adze bevel fragments, represent the reworking of finished adzes. The adze flakes were defined by one to three polished surfaces. Dataset S3 lists the catalog numbers, provenience, measurements, and other descriptive attributes for all analyzed artifacts.
Source Material. The major impediment to assigning artifacts to geologic localities or quarries is the lack of source material, which is especially true for Central East Polynesia (18, 20) . Only two small sources are known for the Cook Islands: one near Moturakau on Aitutaki, the other at Mata'are, Mangaia Island (27) . Samples for this study were obtained there as well as from all other islands that had exposures of seemingly tool-grade basalt ( Fig.  S3; 38) . The trace element and isotope geochemistry of these samples is presented in Tables S1-S5. The geochemistry of potential sources and known quarries was also obtained from the archaeological literature for the Austral Islands (18) , Samoa (42) , and the Marquesas (30) , and from nine archipelagos throughout Polynesia (13) . Provenancing using isotopes was facilitated by the large database from the literature, comprising hundreds to thousands of individual analyses for Polynesian oceanic island basalts (OIBs). Useful online databases are PetDB (www.earthchem.org/petdb) and GeoReM (georem. mpch-mainz.gwdg.de/sample_query_pref.asp). 
